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ELECTRIC RATE STRUCTURE-IRRIGATION STUDY 
CLAY-UNION. UNION. CHERRY-TODD AND CAM-WAL RECs 
by 
Donald C. Taylor. Todd A. Lone. and Ardelle A. Lundeen 
This is the first in a series of five Economics Department reports on a 
research project. "The Economic Impact of Alternative Electric Rate 
Structures on Ener~y and Water Use". sponsored by the South Dakota 
Agricultural Experiment Station. Supplemental funding for the research was 
provided by the Western Area Power Administration (WAPA). Golden. Colorado. 
The purpose of this report is to present the irrigated and dryland crop 
and livestock budgets and other basic-data sets developed for use in the 
study. The sources of underlying information and procedures for developing 
the various data sets are indicated. Emphasis is placed on describing what 
the data-sets are and how they were developed. Only occasionally is the un-
derlying rationale for adopted procedures indicated. 
The other reports in this research report series are as follows: 
- No. 2. Mixed Integer Linear Programming Model; Electric Rate 
Structure-Irrigation Study; Clay-Union. Union. Cherry-Todd. and 
Cam-Wal RECs; 
- No. 3. The Impacts of Alternative Electric Rate Structures for 
Irrigation. Clay-Union and Union RECs; 
- No. 4. The Impacts of Alternative Electric Rate Structures for 
Irrigation. Cherry-Todd REC; and 
- No. s. The Impacts of Alternative Electric Rate Structures for 
Irrigation. Cam-Wal REC. 
The first report is designed to stand more or less on its own. It is in-
tended as a reference document for (1) readers of the reports of empirical 
findings from the study (Reports 3-5) and (2) extension and research person-
nel with particular interest in the nature of farm enterprises in Clay. 
Union. Todd. and Walworth counties. 
BACKGROUND FOR THE RESEARCH 
About 80% of South Dakota's irrigation pumps are energized by 
electricity. The high cost and under-utilization of recently developed 
(coal-based) electric power generation facilities have resulted in increased 
wholesale costs of electric power and. in turn. in higher electric rates for 
irrigators and other electric power consumers. Operating within an already 
financially-stressed agriculture. rural electric cooperatives (RECs) that 
supply electricity to irrigators are exploring possible revisions to rate 
structures offering prospect of more fully meeting the joint needs of 
themselves and their irrigator clients. 
The objective of the research for which the model described in this 
report was developed is to estimate the impacts of alternative electric rates 
and rate structures on (1) the future potential demands for irrigation water 
and power to energize irrigation pumps. (2) the efficiency of water and ener-
gy use in irrigation. and (3) expected levels of (a) farm income earned by 
irrigators and (b) electric power revenues received by RECs. Much of the 
study's analysis is based on average precipitation levels in the respective 
REC service areas and 1985 crop prices. Analytic attention is also given. 
however. to above- and below-average precipitation conditions and to 
higher-than-1985 crop prices. Of particular interest in the WAPA component 
of the study is an examination of electric rate structures that provide in-
centives for energy conservation. 
The research is being implemented in the service areas of each of four 
case study South Dakota RECs (Figure 1): 
Clay-Union. Vermillion. serving irrigators in Clay and Union counties; 
- Union. Elk Point. serving irrigators in Union County; 
- Cherry-Todd. Mission. serving irrigators in Todd County (and Cherry 
County. Nebraska); and 
- Cam-Wal. Selby. serving irrigators in Campbell. Walworth. and Potter 
counties. 
The research site(s) selected for study within each of the REC service 
areas is (are) described in the next section. Following that. an overall 
perspective surrounding the development of the production budgets and the 
general procedures followed in developing the budgets are indicated. 
The succeeding four sections involve the presentation and discussion of 
five basic types of data-sets. These types of data-sets and the tables 
representing each are as follows: 
- Assumed crop prices for 1980 and 1985 (Table 1); 
Crop yields and non-irrigation production inputs for irrigated 
and dryland crops under average precipitation conditions (Tables 2-9). 
unusually heavy and light precipitation (table 12). and partial irrigation 
(Tables 13.14); 
- Irrigation inputs consisting of: 
*Irrigation water application rates (Tables 10 and 11); 
*Irrigation system reP,air and maintenance costs (Table 10); 
*Irrigation system investment requirements (Tables 15-19); and 
*Electric rate charges for irrigation (Table 20); 
- Livestock budgets (Tables 21-24); and 
- Assumed land and labor availabilities on the model farms 
representing the respective REC service areas (Table 25 and 26). These 
tables are presented in succession at the end of the report. 
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S'IUDY SITES 
To accomplish the purpose of the research. a hypothetical farm was iden-
tified to represent "typical" irrigator clients served by each REC. Because 
of non-homogenous natural resource and general production environments within 
the service areas of the various RECs. representative farm situations were 
identified for one specific location within the overall service area of each 
case study REC. The specific locations are as follows (Figure 2): 
- Clay-Union REC. east of Vermillion and south of Route so. 
in Clay County; 
- Union REC. primarily southeast of Elk Point and just west 
of the Big Sioux River. but also extending along the north side 
of Route 29 north of Elk Point to Route 50; 
- Cherry-Todd REC. south of a line roughly between St. Francis 
and Olsonville in Todd County; and 
- Cam-Wal south of Mobridge and just east of the Missouri River 
in Walworth County. 
Even within these specific study sites. farm sizes. farm enterprises. 
and farming practices vary rather widely. To identify "typical" farm and 
ranch acreages and labor forces. crop and livestock enterprises. and cultural 
and management practices for the various enterprises was. therefore. somewhat 
problematic. The procedures followed for dealing with this situation are in-
dicated in the next section. In this section. a brief description of the 
selected study site(s) within each of the four case study RECs is provided. 
Clay-Union REC 
Two of the 87 irrigators that receive power from the Clay-Union REC pump 
water from the Missouri River. The other 85 draw their water from wells. 
The wells are rather shallow. with typical pumping lifts of about 25 ft. 
Center pivot sprinkler systems dominate the service area. Water is dis-
tributed through most of the center pivots under "high" pressure (pivot pres-
sures most commonly of 65 to 85 psi). al though some "low" pressure (25 to 35 
psi) systems have also been introduced. May to September seasonal precipita-
tion levels range from roughly 8 to 21 inches. with 11 to 17 inches most 
common. 
The two most distinctive types of soil in the Clay-Union REC service 
area are heavier soils in the northern part of Clay County in the Vermillion 
River Basin and lighter. lower-lying soils in the southern part of the county 
east of Vermillion and just north of the Missouri River. The latter area was 
selected as the Clay-Union study site. The two main soil associations in the 
study site are: 
- Haynie. with nearly level. silt loam. bottomland soils developed 
in medium-textured alluvium; and 
- Sarpy. with nearly level. fine sandy loam. bottomland soils 
developed in moderately coarse and coarse-textured alluvium (Buntley. 
et al. • 1953) • 
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The presence of livestock ·on farms in Clay County has decreased con-
siderably in recent years. Medium-scale hog farrow-finishing units are still 
fairly common. Corn is the dominant crop. followed by soybeans. Small 
grains are of relatively limited importance. Some alfalfa is grown for sale. 
mostly to livestock feeders in northeastern Nebraska and northwestern Iowa. 
Union REC 
Well irrigation also dominates the Union REC service area. A majority 
of the irrigation systems involve center pivots. with some recent conversions 
from high to low pressure and from electric to diesel energy sources. Gated 
pipe. gravity-distribution systems are found in some parts of the service 
area. but they cover no more than one-fifth of the area. Pumping lifts and 
precipitation levels in the Union REC service area are similar to those for 
the Clay-Union REC. 
Both heavy and light soils are also found in the Union REC service area. 
Because the former are more common. the study site was selected in an area of 
rather heavy soils (very heavy gumbo soils were excluded from consideration. 
however). Two primary soil associations are found in the study site: 
- Forney-Lutton. with deep, poorly drained, level, clayey soils; and 
- Modale-Blyburg-Benclare. with deep. well-drained to somewhat 
poorly drained. nearly level and level, silty soils (Driessen. 1978). 
The type of agriculture in the Union REC service area is similar to that 
in the Clay-Union REC service area, except for an almost total lack now of 
livestock feeding and very little alfalfa being grown. 
Cherry-Todd REC 
The Cherry-Todd REC service area extends over the Ogallala Aquifer in 
south central Todd County, South Dakota and in Cherry County, Nebraska. A 
typical well pump lift is 130 ft. Irrigation is by center pivot systems (92 
systems in Todd County and 117 systems in Cherry County). most of which are 
operated at between 55 and 75 psi. Some systems have been converted to "low" 
pressure (25 to 35 psi). May to September seasonal precipitation levels 
range from rougly 8 to 20 inches, with 10 to 15 inches most common. 
The soils in the Cherry-Todd service area are generally well-drained to 
somewhat excessively drained. resting over sandstone on uplands. The main 
soil association is Holt-Anselmo-Vetal, which consists of moderately deep and 
deep, nearly level to undulating, well-drained loam soils. A second soil as-
sociation is the Anselmo-Ronson-Vetal, which consists of deep and moderately 
deep; nearly level to rolling, well-drained loamy soils (Springer. 197 4). 
Most irrigated farms in the Cherry-Todd service area have beef cow-calf 
enterprises. Feed needs are met primarily through rangeland grazing in the 
summer and fall and home-produced alfalfa during the winter. Irrigation is 
commonly used for both alfalfa and corn for grain. Dryland cropped areas are 
rather limited. 
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CmrWal REC 
The Cam-Wal REC service area involves both (1) groundwater well irriga-
tion with pump lifts ranging from about 40 to 160 ft and (2) surface water 
irrigation with pump lifts ranging from roughly 150 ft in the "low-lands" 
area immediately adjacent to the Missouri River to over 300 ft on the 
"bluffs" above the river. Two study sites--with similar soils and farming 
enterprises--were selected to reflect each of "low-lands" and "bluffs" ir-
rigation from the Missouri. 
Irrigation is by center pivot systems, with pivot pressures commonly 
ranging from 55 to 70 psi. Some center pivots are fixed; others are towed. 
The latter are commonly used for early season irrigation of alfalfa or spring 
wheat and the later irrigation of corn. In this study, the use of fixed cen-
ter pivots is assumed. 
Soils along the Missouri in Walworth County are generally too heavy and 
the topography too undulating to permit water distribution under pressures 
less than 40 to 45 psi. May to September seasonal precipitation levels range 
from roughly 6 to 17 inches and most commonly are 8 to 14 inches. 
The soils in the more easterly groundwater-irrigated areas of the 
Cam-Wal service area tend to be lighter than those along the Missouri River. 
The main soil association in the study area for cropland is Agar-Lowry, which 
is comprised of deep, well-drained, nearly level to moderately sloping silty 
soils formed in loess on uplands and terraces. The main soil association for 
rangeland is Sansarc Opal, which consists of shallow and moderately deep, 
well-drained, moderately sloping to steep clayey soils underlain by shale on 
uplands (Heil, 1981). · 
The general type of agriculture in the Cam-Wal study area is rather 
similar to that in the Cherry-Todd study area. Differences in the Cam-Wal 
area include somewhat smaller beef-cow-calf enterprises, the meeting of some 
summer cow forage needs through the grazing of annual forage grasses (e.g., 
sorghum sudan), the meeting of some winter feed needs through corn silage, 
more productive rangeland, and a somewhat greater importance of dryland crop 
production in overall farm operations. 
THE DEVELOPMENT OF PRODUCTION BUDGETS 
Production budgets were developed for the most commonly grown irrigated 
and dryland crops in each study site. The crops are as follows. 
Irrigated crops 
Corn 
Alfalfa 
Soybeans 
Dry land crops 
Corn 
Oats 
Alfalfa 
Soybeans 
Spring wheat 
Clay-Union REC Union REC Cherry-Todd REC Cam-Wal REC 
x 
x 
x 
x 
x 
x 
x 
x 
5 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Sunflowers 
Barley 
Clay-Union ~EC Union REC Cherry-Todd REC Cam-Wal REC 
x 
Corn silage 
Sorghum sudan pasture 
Budgets 
respective 
the dryland 
and 9. 
for the irrigated crops and their 
REC study sites are shown in Tables 
crops without irrigated counterparts 
x 
x 
x 
dryland counterparts for the 
2. 4. 6. and 8. Budgets for 
are shown in Tables 3. 5. 7. 
The most common type of livestock in the Clay-Union REC service area in-
volves hog farrowing-finishing enterprises. In both Cherry-Todd and Cam-Wal 
REC service areas. beef cow-calf and calf wintering (backgrounding) en-
terprises are common. Budgets for these enterprises are shown in Tables 
21-24. 
Overall perspective 
The budgets developed for these enterprises are intended to reflect 
above-average crop and livestock production and irrigation management prac-
tices for 1985. They reflect. in principle. a "blending" of practices recom-
mended by the S.D. Cooperative Extension Service and practices currently fol-
lowed by progressive irrigators. The budgets are intended to be both 
forward-looking and realistic. reflecting neither "current-day farm averages" 
nor management levels that cannot be realistically expected except by the 
"top 1 or 2%" of farm managers or by researchers on closely controlled ex-
perimental plots. 
In some study sites. certain crops tend to be grown in rotation with one 
another. If so. input levels and management practices for the different 
crops can be somewhat interdependent. In this study. however. emphasis was 
placed on developing budgets to the maximum extent possible for independent 
crop production enterprises. 
The budgets used in the study are intended to reflect 1985 input prices. 
insurance rates. custom rates. wage rates. and capital costs. These prices 
and rates are indicated in the next section. 
For 
assumed. 
The 1980 
adjusted) 
most of the analysis. 1985 crop and livestock commodity prices . are 
In part of the analysis. however. 1980 prices are used (Table 1). 
prices are higher than those in 1985. ranging in "real" (inflation-
terms from 7% higher for alfalfa to 57% higher for barley. 
The analytic model used in the research involves a single production 
period. The representative farms are assumed to already be in business--with 
specified acreages of already-present land. year-round labor. and generally 
adequate machinery and equipment (including two electric-power. high pressure 
center pivot systems). buildings. and breeding herds (where applicable) to 
make economic use of the land. The costs of ownership for these resources 
(depreciation. interest. taxes •. insurance) are not included in the enterprise 
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budgets. 1 Thus. the only costs ·included in the budgets are those that are 
"variable". namely. those that could be avoided if short-term decisions to 
stop production were made. 
General procedures 
The enterprise budgets were developed by an iterative process. First 
draft budgets for the enterprises in· each REC service area were prepared--
based on publications from the S.D. Agricultural Experiment Station. the S.D. 
Cooperative Extension Service (SD-CES). and the S.D. Agricultural Statistics 
Service. 
The general references used in developing the crop production budgets 
were Aanderud. et al. (1984). Pflueger (1985). Shane (1982). Taylor and Shane 
(1983). Vigil et al. (1985). a series of SD-CES production fact sheets [oats. 
FS 384 (rev); soybeans. FS 429 (rev); barley. FS 485; and corn. FS 523] and a 
SD-CES spring wheat production extension circular (EC 776). 
"Special-purpose" references are indicated below for the respective inputs to 
which they refer. The primary references used in preparing the livestock 
budgets were Aanderud. et al. (1984). Aanderud and Allen (1984). and 
Rieckman. et al. (1986). 
Reactions to the first draft budgets for each REC study site were ob-
tained from (1) SDSU state and regional extension agronomy. irrigation. 
soils. agricultural engineering. and farm management specialists; (2) the 
agricultural extension agents in the concerned counties; (3) one to three ir-
rigators from each of the concerned REC service areas; and (4) other in-
dividuals knowledgeable about the production conditions in the study sites. 
The draft budgets were sent in advance to these people. In follow-up visits 
to the field. the research team met with various groups of informants. In 
many instances. the reactions of different informants about particular crop 
budgets were similar. In other instances. views differed. The research team 
tried to understand as much as possible about the bases for such differences. 
After returning to Brookings. the first draft budgets were thoroughly 
re-examined and revised. In the process of doing thi·s. · the research team 
sometimes re-contacted informants for further clarifications by telephone. A 
basic aim in these efforts was to strike an appropriate balance between fol-
lowing consistent approaches to develop the budgets across crops and across 
study sites. on the one hand. and being sensitive and responsive to location-
specific circumstances in the respective study sites. on the other hand. 
The production budgets presented in this report reflect the end-product 
of this process. In summary. they are intended to represent as carefully as 
possible the expected yields. required inputs. and variable production costs 
for crop and livestock enterpr; ses on above-average managed irrigated farms 
in the selected study sites. 
1As explained below. an exception to this assumption concerns storage 
facilities for grain and alfalfa. The ownership costs of these facilities 
were included in the budgets. 
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CROP YIELDS AND NON-IRRIGATION PRODUCTION INPUTS 
Yields 
The yields shown in the crop budgets (Tables 2-9) are intended to 
reflect expected long-term averages on above-average managed irrigated farms-
-taking into account years of both unusually high and unusually low yields. 
These yields are roughly 10% less than those on which above-average farms 
would be expected to base "year-in, year-out" decisions on levels of input 
application. References initially consulted in developing the yields include 
Allen. et al. (1979). Pflueger (1985). Shane (1982). S.D. C. L. R. s. (1985). 
and Taylor and Shane (1983). Considerable effort was made to fine-tune the 
first draft yields so that the ultimate yields shown in the budgets would 
reflect as accurately as possible the real-world production possibilities in 
the specific study sites. 
Non-irrigation production inputs 
The production inputs are discussed in the sequence in which they are 
shown in Tables 2-9. Costs for the various inputs are rounded to the nearest 
$0.50. 
Seed. The seeding rates--based most directly on the above-mentioned 
production fact sheets and extension circular, Shane (1982). and Taylor and 
Shane (1983)--are shown in footnotes to the various tables. 
The assumed planting dates for irrigated corn are May 16 for the 
Clay-Union and Union RECs, May 24 for the Cherry-Todd REC. and May 23 for the 
Cam-Wal REC (S.D.C.L.R.s •• 1980). The assumed days-to-maturity for corn in 
the three situations are 120, 114, and 100, respectively. The assumed plant-
ing d.ate for irrigated soybeans for the Clay-Union and Union RECs is May 28 
(S.D.C.L.R.S •• 1980). 
Fertilizer. Consistent with recommended practices and as indicated 
above. farmers are assumed to fertilize for 10% higher than expected average 
long-term yields. Basic data for determining first draft fertilization rates 
were obtained from a series of SD-CES crop fertilization fact sheets [pasture 
and hayland, FS 425; corn. FS 432; barley. FS 677; oats, FS 678; and 
soybeans, FS 748] and EMC 807 for sunflowers. The basic approach in deter-
mining nitrogen (elemental N), phosphorus (P2o5• but simply abbreviated as 
"P" in the tables). and potassium (K2o. simply abbreviated as "K" in the tables) fertilizer requirements was as follows: 
-The total nutrient requirement was determined by multiplying the 10% 
higher than expected average yield times the per-bushel nutrient requirement 
for each of N, P2o5• and K20; 
-The residual N. P2o5• and K2o nutrient content in the soil at each 
study site was estimated; ana 
-the difference between the total nutrient requirement and the residual 
available nutrient represented the nutrient requirement required to be met 
through fertilization. 
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The 
crop and 
plied by 
$0.23/lb, 
tables. 
resulting nitrogen, phosphorus, and potassium requirements for each 
study site are shown in footnotes to the tables. These were multi-
the assumed 1985 fertilizer prices, namely, N at $0.21/lb, Pio5 at 
and K2o at $0.13/lb to obtain the fertilizer costs shown 1n the 
Weed control. First draft herbicide requirements were based most 
directly on a series of SD-CES weed control fact sheets [small grain, FS 
525A; soybeans, FS 525B; corn, FS 525C; sunflowers, FS 525F; and forage 
legumes, FS 5251] and Allen, et al. (1979). Herbicides were assumed to be 
used on all the crops except alfalfa and sorghum sudan pasture. Soybeans 
were also assumed to be hand-weeded. 
Insecticides. Insecticide use was based on the joint judgment of ex-
tension personnel and irrigators. Provision was made for the use of insec-
ticides on corn in all study sites (root-worm control), irrigated alfalfa in 
the Cam-Wal area (grasshopper control), and sunflowers in the Cherry-Todd 
area. 
Crop insurance. All crops were assumed to be insured except alfalfa 
and sorghum sudan pasture. The assumed level of insurance coverage was 65 to 
75% of crop value, or roughly enough to cover the variable costs of produc-
tion. Because of the riskier production environments in Todd and Walworth 
counties, the assumed insurance premium rates in these two counties are about 
double those in Clay and Union counties. 
Storage. Two-part storage costs are assumed. The first reflects the 
annualized cost o~ the investment in a storage bin for grains (a pole barn 
for alfalfa hay), with an assumed interest rate of 11.2% and a repayment 
period of 20 years. 3 The second reflects the opportunity cost of the capital 
tied up in the stored commodity. An average storage period for the overall 
harvest of each crop of five months was assumed; the assumed opportunity cost 
interest rate was 8.6% per year. 
2Alfalfa is inevitably retained on the farm if it is fed _to_ the farmer's 
cattle. If alfalfa is sold as a cash crop, at least part of the harvest is 
likely to be retained for later sale so as to take advantage of possible 
favorable seasonal price movements. 
Data on the economic soundness of protecting alfalfa from weather-induced 
deterioration are very limited. In these budgets, a pole storage type of 
protection was assumed to help insure that the full harvested value of 
alfalfa (both quantity and quality) would, in fact, be available for sale or 
for feeding later in the year. 
3The ownership costs of storage . bins (pole sheds)--unlike those for farm 
machinery--are included in the budgets. These costs vary directly with the 
amount of product to be stored. To have assumed adequate storage facilities 
on the initial on-going representative farm for any amount of commodity 
produced would have given an unrealistic economic advantage to irrigated 
versus dryland production. 
The assumed interest rates here and elsewhere in the study were the 1985 
Treasury-Bill rates for the relevant periods of time (F.R.s •• 1986, A24). 
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The storage costs thereby determined are as follows: 
- corn, 
- soybeans. 
- oats. 
- wheat. 
$0.18/bu; 
$0.28/bu; 
$0.15/bu; 
$0.22/bu; 
- barley. 
- sunflowers, 
- corn silage. 
- alfalfa. 
$0.16/bu; 
$0.50/1.000 lb; 
$0.33/ton; and 
$3.75/ton. 
The annualized ownership cost (AOC) of the storage facility for the grains is 
$0.10/bu. For bulky commodities (e.g •• oats and barley). the opportunity 
cost of the capital (OCC) tied up in the stored commodity is less than 
$0.10/bu. For high-value commodities (e.g •• soybeans), on the other hand, 
the OCC is nearly double that for the AOC. 
Drying. Drying costs for particular crops vary greatly from year to 
year-~depending on the time of crop maturity. precipitation. and relative 
humidity. The long-term average expected drying costs for corn and soybeans 
are $0.16/bu and $0.03/bu, respectively. 
Overhead. Overhead charges reflect costs of operating a farm business 
not attributed to specific line items in individual enterprise budgets. They 
include expenses for such items as the farm share of auto. telephone. and 
utilities; legal fees; repairs and insurance on service buildings; record 
systems; and farm magazines. The per-acre overhead charges reflect estimated 
amounts that must be shared by each acre of each crop that is produced. 
The assumed overhead charge for the two principal cash revenue earning 
crops on most farms--corn and soybeans(where grown)-- is $5.50/acre. For the 
other crops. a charge of $5.00/acre is assumed. These charges are based on 
Pflueger (1985). 
Machinery operating costs. The variable costs associated with the 
operation of farmer-owned machinery are for (1) fuel and lubrication and (2) 
repairs. To calculate these costs, the field operations commonly followed 
and the machinery complements required to perform the field operations fo4 
each crop in each study area were first identified [Allen. et al. (1979)]. 
For each field operation, the machine hours per acre were identified. These 
machine hours per acre were then multiplied by (1) the fuel and lubrication 
and repair costs per hour for the appropriate size of tractor and (2) the 
repair cost per hour for the machine implement [data from Allen (1983)]. The 
(1) fuel and lubrication and (2) repair costs shown in the tables reflect the 
sum of the costs calculated in this way for all of the required field opera-
tions for the respective crops and study areas. 
Custoa harvesting. For certain crops in certain areas. harvesting is 
commonly custom-hired. This circumstance was assumed to arise in two situa-
tions in this study. It applies to the harvesting of alfalfa in Clay County. 
where alfalfa is sufficiently uncommon that many farmers do not have their 
own balers. It also applies to irrigated corn in Todd and Walworth counties. 
where the press of time to complete harvest is sufficiently great that many 
4The types of field operations and sizes and types of machinery vary 
somewhat from region to region in the State. One illustrative difference is 
the use of large round balers (1.000-1.200 lb per bale) in Clay and Walworth 
counties and large. breadloaf stackers (3 tons per stack) in Todd County. 
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farmers custom hire the combining -and hauling (to driers and/or storage bins) 
of their corn harvest. 
The custom costs shown in the budgets reflect typical rates charged to 
farmers in 1985. While these costs are technically "variable" to the ir-
rigator, they do differ in nature from all other costs in the crop budgets 
(except as explained above for storage) because they include machinery owner-
ship as well as machinery operating costs. 
Interest. The budgets include a charge for the operating capital 
tied up in the production process, i.e., to reflect an assumed "average" time 
cost of money between when operating expenditures are made and when harvests 
are obtained. The assumed interest charge is 5% of all variable costs. This 
rate reflects an average period of outstanding operating capital of about 
four months and an annual operating capital interest rate of 14% (Pflueger. 
1985). 
Labor requireaents. The crop production-human labor requirements 
somewhat exceed the machine labor requirements because of the time required 
for serv1c1ng machi~ery, going to and from fields, etc. The man-hours per 
acre for each field operation involved with the respective crops and study 
areas were first determined [Allen (1983)). These per-acre seasonal labor 
requirements for each field operation were then allocated to the bimonthly 
labor periods when the field operations were performed [Allen, et al. 
(1979)). By summing across the field operations for each bimonthly period, 
the labor requirements shown in the tables were computed. 
IRRIGATION INPUTS 
Irrigation water application rates 
1'he irrigation water application requirements for the different crops in 
the respective REC service areas were first determined under conditions of 
average precipitation. 
Several factors determine the amount of irrigation water required by a 
crop) The demand for moisture is determined by the daily evapotranspiration 
rate and the pattern of crop development during the growing season. The 
supply of moisture available to a crop is determined by the amount of effec-
tive precipitation, the pre-season carryover of soil moisture within a 
prospective crop's root zone, the gross irrigation application, and the ef-
ficiency of irrigation application. Each of these factors is briefly dis-
cussed in turn. 
Demand for moisture. The daily evapotranspiration (ET or consump-
tive use) rates for corn and alfalfa used in this study were estimated by 
Brosz and Wiersma (1970). Their estimations are based on the Jensen and 
Raise method in which 
5Evapotranspiration is the amount of water used by the vegetative growth of 
a given area in transpiration and building of plant tissue and that 
evaporated from adjacent soil or intercepted precipitation on the plant 
foilage in any specified time (U.S.D.A •• 1967. 1). 
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ET = CC x ET • where p 
CC = crop coefficient and ET = potential evaportranspiration. CC is in-
cluded to cover instances iR which the crop canopy fails to provide full 
ground cover; otherwise, the value of CC is unity. ET is determined by the 
air temperature and solar radiation. p 
The daily ET rates for a crop depend on the crop's planting date, area 
grown within the State, and for alfalfa the number and timing of cuttings in 
harvest. Planting and harvegting (including alfalfa cutting) dates were 
based on S.D.C.L.R.S. (1980). With this information, appropriate ET data 
for corn and alfalfa in the REC service areas were taken from Brosz and 
Wiersma (1970, Tables 1 - 3). The ET rates for soybeans were calculated 
using crop coefficient curves developed by Jensen in Pair (1969, 110), in 
conjunction with the base ET rates for alfalfa. The ET rates thereby ob-
tained represent the daily conEumptive use for each crop and REC service area 
during each week of the crop's growing season. If these ET requirements are 
fully met, moisture availability will not constrain the attainment of maximum 
possible yields. 
Supply of aoisture. The main determinant of available moisture is 
precipitation. Mean monthly precipitation levels were obtained for 30 to 35 
year periods for weather stations at Vermillion (to reflect Clay-Union and 
Union REC service area precipitation), Mission 14 South (Cherry-Todd), and 
Mobridge (Cam-Wal). These were converted to daily values. 
Because precipitation in any location varies from year to year, average 
precipitation levels can be expected only about one-half the time. Planning 
on an available moisture supply for a crop that can be expected only about 
one-half the time is risky. A common practice, therefore, is to plan for a 
level of precipitation that can be expected to be exceeded 60 to 90% of the 
time (i.e., in six to nine years out of 10), depending on the economic value 
of the crop. In this study, an 80% precipitation exceedence level was adop-
ted. By multiplying the mean daily precipitation values by appropriate 80% 
exceedence factors (Clay-Union and Union= 0.70; Cherry-Todd and Cam-Wal = 
0.66) 1 adjusted daily precipitation levels that can be expected to be ex-
ceeded in eight of 10 years were calculated (adopted from U.S.D.A., 1967, 28 
and 32). 
Not all precipitation that falls can be expected to be used effectively 
by a crop. In semi-humid and humid areas, precipitation is often sufficient-
ly intense that some of the precipitation is lost through surface runoff and 
deep percolation. The extent of such loss depends on both daily precipita-
tion and daily consumptive use levels. The 80% precipitation exceedence 
values were, therefore, further adjusted so as to reflect 80% effective 
precipitation exceedence levels (U.S.D.A., 1967, 22, 25, 27). 
6Irrigated alfalfa cutting dates were assumed as follows: 
-Clay-Union REC, June 10, July 15, August 19, and September 30; 
-Cherry-Todd REC, June 17 1 July 31, and September 9; and 
-Cam-Wal REC, June 17, July 23, and September 3. 
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Moisture stored in soils wi thin a prospective crop's root zone before 
the crop is planted is available to help meet the consumptive water needs of 
the crop. In this study. the following amounts (inches) of soil moisture 
were assumed to be available at the beginning of the crop season: 
Clay-Union. 3.5; 
Union; 7.0; 
Cherry-Todd. 2.5; and 
Cam-Wal. 6.0. 
The stored moisture level was allowed to be depleted down to 50% before 
irrigation was assumed to be necessary. At the end of the growing season. 
stored soil moisture was allowed to decrease to no lower than 20% of the pre-
season level. 
Irrigation water application rates. The net daily irrigation water 
application rate for each crop was determined by subtracting the sum of daily 
effective rainfall and carryover moisture from daily ET. If the result was 
negative. no irrigation water was assumed to be required. If the result was 
positive. the amount thereby represented became the daily net irrigation 
requirement for the crop. 
The net irrigation requirements were then adjusted up because of dif-
ferences between amounts of irrigation water applied and amounts of irriga-
tion water effectively used by a crop. Net-to-gross irrigation efficiency 
factors of 0.9 and 0.5 were assumed for center pivot and gated pipe irriga-
tion. respectively. 
Finally. the daily gross irrigation requirements for each crop and REC 
service area were summed across REC billing months and entered into the 
models. These requirements are shown in the upper panel of Table 10. 
Irrigation systea repair and aaintenance costs 
Irrigation system repair and maintenance costs are related to pump pres-
sure and discharge. lift. and hours of pumping. The AGNET pump cost program 
(Thompson. 1986) was used to calculate these costs (lower panel. Table 10). 
Irrigation system labor requirements 
The assumed seasonal labor requirement for operating a center pivot sys-
tem (130 irrigated acres) is 84.5 hours. For a gated pipe system (160 ir-
rigated acres). the labor requirement is assumed to be 248 hours. To reflect 
above-average irrigation management. the AGNET irrigation labor requirements 
(Thompson. 1986) were adjusted up by 30%. 
The seasonal irrigation labor requirement for each crop was allocated 
among bimonthly labor periods in proportion to the bimonthly irrigation water 
application rates for the crop. 
The impact on irrigation of unusually heavy and light precipitation 
In years of unusually heavy precipitation. farmers pump less irrigation 
water. Other things the same. this impacts REC irrigation revenues negative-
ly. and irrigator profits positively. In years of unusually light 
precipitation. the implications are the converse. Examining the impacts on 
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REC revenues and irrigator profits of unusually heavy and light precipitation 
is. therefore. of particular interest in this study. 
Historical (30 to 35 years) monthly precipitation levels for the 
May-September in each REC service area were tabulated and summed by year. 
These yearly totals were then arrayed from smallest to largest. For each 
REC. an amount exceeded in no more than one to three years was identified to 
represent an "unusually heavy precipitation" level. An analagous procedure 
was followed to determine the amounts of "unusually light precipitation". 
These amounts and the percentages by which they exceed (are less than) 
the average May-September precipitation levels (for the Clay-Union and Union 
service areas. the average is 14.3 inches; Cherry-Todd. 12.7 inches; and 
Cam-Wal. 11.2 inches) are shown in the footnote to Table 11. Taking into ac-
count the amounts of unusually heavy and light precipitation. the gross7ir-
rigation application rates shown in the body of Table 11 were calculated. 
To determine the implications of unusually heavy and light precipitation 
on irrigator profits. adjustments to the dryland yields with average 
precipitation (shown in Tables 2 - 9) were made. These adjusted dryland 
yields are shown in Table 12. A principal reference consulted in determining 
the unusually heavy and light precipitation yields was Kenefick (1984). 
Partial irrigation 
One of the potential adjustments to rising energy prices is to irrigate 
at a level less than that which meets the full consumptive water requirement 
of a crop. Partial irrigation has been the focus of research in other states 
(e.g •• Stewart and Hagan. 1973; Stewart. et al •• 1983; English. et al •• 1985; 
N.E.A •• 1986). but not yet in South Dakota. Relevant production function 
data showing moisture-yield relationships for South Dakota are not available. 
Nevertheless. in the Clay-Union and Union REC service areas it seemed 
useful to examine some hypothesized implications of partial irrigation on 
yields and costs. Data for one-third and two-thirds the full irrigation 
level for each irrigated crop in the two service areas are shown in Tables 13. 
and 14. In general. it was assumed that precipitation levels were suffi-
ciently great that moving from the (1) one-third to (2) two-thirds to (3) 
full irrigation levels probably involved movements within Stage II of the 
crop production functions. The indicated yields and variable production 
costs reflect this presupposition. 
Irrigation system investaent 
To provide opportunity for 
changing the existing nature · of 
expanding the level of irrigation and/or . 
irrigation on the representative farms. 
7Because ET data pertaining to unusually heavy and light precipitation are 
not available. the same ET data were used in calculating the irrigation water 
application rates for each of average. unusually heavy. and unusually light 
precipitation conditions. One might expect. however. a somewhat inverse 
relation between precipitation levels and ET needs. This implies a possible 
underestimation of the irrigation water application differential between 
heavy and light precipitation conditions. 
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options are included in the various models for the purchase of new irrigation 
systems and the conversion of existing electric power. high pressure center 
pivots to low pressure and/or diesel sources. 
New purchase options. The option to 
electric and/or diesel power center pivots is 
farm models for all four REC service areas. 
common to the study sites permit. options for 
irrigation systems are also provided. 
purchase new high pressure. 
provided in the representative 
Where the topography and soils 
low pressure and/or gated pipe 
The investment requirements for each type of new irrigation system con-
sidered for the various REC service areas are indicated in the upper panels 
of Tables 15-17 and in Table 18. Data on the assumed pump lifts. pump dis-
charges. and center pivot operating pressures are shown in footnotes to the 
tables (in the body of Table 18). These data are based on the AGNET pump 
cost program (Thompson. 1986). with modifications determined in consultation 
with local irrigation equipment dealers. 
Irrigation systems represent multi-period inputs. The 
required for purchasing them. therefore. need to be spread out 
tized) over a number of years. Two types of amortization can be 
investments 
(i.e •• amor-
undertaken. 
A "financial" type of amortization pertains to debt-financed purchases. 
The terms of the debt-financing represent the basic parameters for the amor-
tiz ation. In this study. the purchase of new irrigation systems was assumed 
to be via a le~se-purchase mechanism in which the following types of payments 
were involved: 
-An up-front. downpayment amounting to 15.5% of the purchase price; 
-A series of six payments paid once per year over the next seven years. 
each of which amounts to 15.7% of the purchase price; and 
-An eighth year "buy-out" payment amounting to 10% of the initial pur-
chase price. 
This is the most common purchasing mechanism reported by local irrigation 
equipment dealers. 
The present value of this series of payments was determined. using an 
11% discount rate. for each new irrigation system. The sum of the present 
values thereby calculated was converted to an annual basis. These amounts 
represent the annualized "financial" ownership costs reported in the lower 
panels of Tables 15-17 and in Table 18. 
The "economic" type of amortization reflects a longer-term. 
equity-capital. economic-profit perspective in which no attention is paid to 
8 These lease-purchase terms apply to the "movable" components of irrigation 
systems. including wells. Since the underground pipe and electric switches 
required for Cam-Wal irrigation represent more _directly "real" property. the 
investments in them were amortized in accordance with the terms of land 
mortgages. Those terms involve a 20% downpayment. a 20 year loan period. 
and a 13% rate of interest. 
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debt-repayment terms. The number of years and interest rate used in this 
type of amortization reflect a long-term opportunity-cost investment 
perspective of the decision-maker. In this study. the "economic" amortiza-
tion parameters are 15 years and an 11% interest rate [an average of the 15-
and 20-year Treasury bill rates for 1985 (F.R.s •• 1986. A24)]. 
The annualized "economic" ownership costs shown in the lower panels of 
Tables 15-17 and in Table 18 reflect the investment requirements for the 
respective new irrigation systems amortized over 15 years at 11% interest. 
The annualized economic costs are considerably lower than the annualized 
financial costs--primarily because of the longer period over which the costs 
are amortized. 
Conversion options. In response to rising electric power prices. 
irrigators may choose to convert their electric power. high pressure systems 
to low pressure and/or diesel power sources. To take into account these pos-
sibilities. information was gathered on the types of equipment requiring 
rebuilding and/or needing to be purchased. For converting to low pressures. 
center pivot sprinkler arms are assumed to · be renozzled (added nozzles in-
stalled) and some bowls on the pumps are removed. Original electric power 
units are assumed to be retained in use. or. in the case of conversions to 
diesel power. discarded with no salvage value. For conversions to diesel 
power. investments in diesel power units. gearheads. electric generators. 
fuel lines. and tanks are taken into account. 
Data sources and computational procedures for conversions are identical 
to those for new purchases. with one exception. The terms of "financial" 
amortization for the conversions--again based on common practice--are as 
follows: 
-Conversion from electric power. high pressure to low pressure. two 
years .and 13.5% interest per year; and 
-Conversion from electric power. high pressure to diesel power. four 
years and 13.5% interest per year. 
The repayment period 
electric conversions 
required. 
on loans for diesel conversions is longer than that for 
because of the larger amounts of investment capital 
The investment requirements and annualized ownership costs for the ir-
rigation system conversions are shown in the upper and lower panels. respec-
tively. of Table 19. 
Electric rate charges 
The electric rate charges included in the baseline model for the repre-
sentative farm in each REC service area are designed to reflect the electric 
rate structure for irrigation used by the REC in 1985. Common to the rate 
structures for the four case study RECs are (1) annual (monthly) minimum 
charges that must be paid no matter whether irrigation systems are used or 
not and (2) one-to three-step energy (kWh) charges. Three of the four RECs 
also have monthly demand charges that must be paid during those months when 
irrigation systems (pumps) are used. The electric charges (bills) for all 
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four RECs are assessed against individual irrigation systems (and/or 
individual pumps. as in the Cam-Wal REC service area). rather than against 
individual irrigators. This billing procedure implies. of course. that an-
nual (monthly) minimum charges. monthly demand charges. and bounded steps in 
block rate energy charges apply to each irrigation system (group) operated by 
a farmer. not to all irrigation systems (pumps) collectively that are 
operated by a farmer. 
Inspite of some general commonalities among rate structures. the 
detailed nature of the individual components of the rate structures for the 
different RECs is quite different. The Clay-Union REC electric rate struc-
ture for irrigation in 1985. for example. has · the following components: 
- Annual minimum charge: $17.80 per average kW used; 
- Monthly demand charge: $9.00 per average kW used during those calen-
dar months when irrigation systems are operated; 
- Energy charges: 
*First step. $0.042 per kWh for the first 100 kWh per average kW per 
season-; and 
*Second step. $0.026 per kWh for all additional kWh; 
Load 
dropped in 
irrigation 
tion season 
management control. in which the monthly demand charges are 
exchange for an agreement by an irrigator for power to his (her) 
systems to be turned off during one or more months of the irriga-
from 5 to 9 pm daily; and 
No load management control. in which irrigation systems are energized 
without ·daily interruptions. monthly demand charge~ are paid. and a $0.011 
per kWh (Basin) credit is received by the irrigator. 
The Union REC had the same rate structure in 1985 as the Clay-Union 
REC did. except that the annual minimum charge is assessed against nameplate 
9The two suppliers of electric power to the East River and Rushmore 
electric power cooperatives--which in turn supply electric power to the 
individual RECs in South Dakota--are the Western Area Power Authority (WAPA) 
and the Basin Electric Power Cooperative. During 1985 and 1986. Basin 
Electric granted a $0.02 per kWh credit on all electric power used for 
irrigation. This credit was passed "down the line" to irrigators. The 
impacts of the Basin credit on irrigators served by the East River and 
Rushmore electric power cooperatives are $0.011 and $0.013 per kWh. 
respectively. The irrigator credits are less than $0.02 per kWh - because 
some of the electric power supplied to East River and Rushmore · is from WAPA. 
The credits differ for irrigators who receive power through the two 
wholesale power cooperatives because the WAPA-Basin mix of power for East 
River differs from that for Rushmore. 
lOThe average kW demand in the Clay-Union REC is reported to be about 85% 
of the nameplate HP rating for the power unit. For the Cam-Wal REC. the 
reported kW demand-nameplate HP conversion factor is about 0;90. 
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horsepower (HP) rather than against average kW's used10 and at a rate of 
$15.40 per HP. 
has 
and 
The Cherry-Todd REC electric rate structure for irrigation in 1985 
two components. (1) an annual minimum charge of $10.70 rfr nameplate HP 
(2) and an energy charge of $0.033 per kWh of power used. 
The Call-Wal REC eler~ric rate structure for irrigation 
the following components: 
in 1985 has 
-Monthly minimum charge: $2.20 per nameplate HP. payable in any of the 
five billing periods (April-May 15th. May 16th-June 15th ••••• August 
16th-September 15th) when an irrigation system (irrigation pump) is not used; 
-Monthly demand ("capacity") charge: $8.70 per kW used per month. 
during each 30-31 day billing period when irrigation systems are operated; 
-Energy charges: 
*First step. $0.042 per kWh for the first 100 kWh per kW per month; 
*Second step. $0.037 per kWh for the next 200 kWh per kW per month; 
and 
*Third step. $0.022 per kWh for all additional kWh. 13 
Based on these electric rate structures and the size(s) of power units 
used in the respective REC service areas (shown in Tables 15-18). the 
electric rate charges shown in Table 20 were computed. The calculation of 
these charges is illustrated with the Clay-Union REC rate structure and the 
75 HP.motor. hfih pressure center pivot system on the Clay-Union REC repre-
sentative farm. 
-Annual minimum. [63 kW (average kW use) x $17.80/kW] x 1.05 = 
$1.177.47; 
11This energy charge reflects a deduction of the $0.013 per kWh Basin 
credit for irrigation. 
12This electric rate structure is for "water pumping service." A different 
rate structure applies for the power that energizes only the center pivot 
component of irrigation systems. The following off-peak fall 
(post-September 15) pumping rate is also available: monthly demand 
"capacity" charge of $7 .00 per kW used per month and an energy charge of 
$0.035 per kWh. 
13Th' . h fl d d . f h $0 013 1 ~ h . is energy c arge re ects a e uction o t e • per ~w Basin 
credit for irrigation. 
14The electric rate charges are adjusted up by 5% to reflect an assumed 
average time cost of money between when electric bills are paid and when 
harvests are completed. Depending on an REC's schedule for collecting 
irrigation power payments.- this standard 5% rate used for all variable farm 
production costs in the study may not be exactly applicable. 
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-Monthly demand, (63 kW x $9 ; 00/kW) x 1.05 = $595.35; 
-First block charge, (63 kW x 100 kWh x $0.031/kWh) x 1.05 = $205.07; 
and 
-Unbounded block charge, ($0.026-0.011) x 1.05 = $0.0158. 
In determining the total kilowatt hour requirement for pumping irriga-
tion water and the amounts assignable to the unbounded energy blocks, the 
following energy requirements per acre-inch of water pumped are used [based 
on the AGNET pump cost program (Thompson, 1986)]: 
for 
-Clay-Union and Union RECs: 
electric power, high and 
28.69, 15.35, and 5.59 kWh, respectively, 
low pressure center pivot and gated pipe 
systems; 
-Cherry-Todd REC: 37.8 and 27.4 kWh, respectively, for electric power, 
high and low pressure center pivots; and 
-Cam-Wal REC: 37.8 and 137.1 kWh, respectively, for electric power, 
high pressfire center pivots in low-lands and bluffs areas. 
LIVESTOCK BUDGETS 
A hog farrowing-finishing production option is considered in the 
Clay-Union REC service area. A two litter system is assumed, with 15 butcher 
hogs -sold per sow per year and one gilt saved as a replacement (Table 21). 
The maximum number of sows permitted on the Clay-Union REC representative 
farm is 40. 
In the Cherry-Todd and Cam-Wal REC service areas, beef cow-calf and win-
tering calf units are considered (Tables 22-24). A weaned calf crop rate of 
88% is assumed. The production enterprises are heavily oriented to forage 
production. Consistent with common feeding practices in the respective REC 
areas, a more diverse mix of forage inputs is assumed for the Cam-Wal REC. 
Maximum numbers of beef cows permitted are 250 and 125, respectively, 
for the Cherry-Todd and Cam-Wal REC representative farms. Calves not raised 
as replacements are assumed to be transferred to the calf-wintering ac-
tivities. No more calves can be wintered than are supplied by a farm's cow-
calf enterprise. 
REPRESENTATIVE FARMS 
Hypothetical representative farms are ·identified to represent "typical" 
irrig.ator clients served by each REC. As indicated above, the representative 
farms are assumed to already be in business--with specified acreages of 
already-present land, year-round labor, and generally adequate machinery and 
equipment (including two electric power. high pressure center pivot systems), 
farm buildings, and breeding herds (where applicable) to make economic use of 
the land. 
An overall perspective on the circumstances intended to be portrayed in 
the farm models and a comprehensive description of the resource 
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availabilities and constraints for the various REC representative farms are 
indicated in the second report in this five-part series. In this report. 
information is provided on only the land and labor assumed to be available on 
typical. above-average managed irrigated farms in the respective REC service 
areas (Table 25). 
Local informants in the respective REC service areas are the most impor-
tant source of information on assumed land and labor availabilities. Rental 
rates are based on local informants and the results of recent farm rental 
studies in the S.D.S.U. Economics Department. 
A full-time farm operator is assumed to work on the representative farm 
for each REC service area. on the average. six 10-hour work days per week 
during November through April and six 14-hour work days per week during May 
through October. These amounts were aggregated to bimonthly periods. Farm 
overhead labor was subtracted from the available farm operator labor; as 
described in the second footnote to Table 25. 
In the Cherry-Todd REC service area. one full-time hired man was also 
assumed to be available the year-round. Instead of the 10- and 14-hour days 
assumed for the farm operator. 8- and 10-hour days were assumed for the year-
round hired man. In the Cam-Wal REC service area. a one-half time year-round 
hired man was assumed. 
On the Clay-Union and Union REC representative farms. a maximum of 1 0 000 
hours of part-time hired labor was assumed to be available during each of the 
bimonthly periods. This is the equivalent of nearly two additional hired 
laborers. In the Cherry-Todd and Cam-Wal service areas. a maximum of 500 
hours of part-time hired labor was assumed to be available during each 
bimonthly period March-April through September-October. 
In the reports of findings. the "gross profits" (the surplus of gross 
revenues over the variable costs of farm production) determined in the op-
timal computer-determined solutions for the various representative farms were 
adjusted down to cover the costs of the assumed already-present resources on 
the farms. The assumed annualized costs associated with already-present land 
farm machinery and equipment. livestock-related resources. and year-round 
hired labor for the representative farms are shown in Table 26. Because 
these data represent rough estimates only. they are rounded to the nearest 
$1.000 when adjustments to "gross profits" are made. The resulting "net 
profits" represent the annual returns to the representative farm operators' 
labor and management. 
SUMMARY 
Irrigated and dryland crop and livestock budgets and other basic data-
sets used in a study of electric rate structures for irrigation in Clay. 
Union. Todd. and Walworth counties are presented in this report. Emphasis is 
placed on describing what the data-sets are and how they were developed. The 
report is intended as a reference document for (1) readers of the reports of 
empirical findings from the study of electric rate structures for irrigation 
and (2) extension and research personnel with particular interest in the na-
ture of farm enterprises in the indicated counties. 
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ABBREVIATIONS 
AI.JM = animal unit months (per acre) 
bu = bushel 
cwt = hundred-weight 
ft = feet 
gpm = gallons per minute (pump discharge) 
HP = horsepower 
K = ~20 potassium 
lb = pound 
MVK = 1 0 000 kernals of corn seed 
N = elemental nitrogen 
n/a = not applicable 
P = P2o5 phosphorus 
psi = pounds per square inch 
yr = year 
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Table 8. Yields and non-irrigation variable costs of production for 
irrigated and dryland corn and alfalfa. Cam-Wal REC service 
area. above-average management. 1985. 
Enterprise budget 
line item 
Returns (per acre) 
Yield 
Post-harvest grazing ($) 
Variablg costs ($ per acre) 
Seed 
Fertilizerc 
Herbicides 
Insecticides 
Crop insurance 
Storage 
Drying 
Overhead 
Fuel and lubrication 
Machine repairs 
Custom combining 
and hauling 
Interest 
Total 
Corn for grain 
Irrigated Dryland 
135 bu 
10.00 
22.50 
42.00 
12.50 
12.00 
17 .oo 
24.50 
21.50 
5.50 
11.00 
13.00 
20.00 
10.00 
211.50 
45 bu 
3.00 
11.50 
13.00 
6.50 
n/a 
5.50 
8.00 
7.00 
5.50 
8.00 
10.50 
n/a 
4.00 
79.50 
Alfalfa 
Irrigated Dryland 
5.0 ton 
n/a 
7.00 
12.50 
n/a 
5.00 
n/a 
19.00 
n/a 
5.00 
15.00 
16.00 
n/a 
3.00 
82.50 
1.5 ton 
10.00 
5.00 
4.50 
n/a 
n/a 
n/a 
5 .so 
n/a 
5.00 
7.00 
9.00 
n/a 
1.50 
37.50 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
0.66 
n/a 
1.59 
0.30 
2.55 
0.58 
n/a 
1.36 
n/a 
1.94 
1.05 
0.91 
0.91 
0.07 
2.94 
0.66 
0.52 
n/a 
0.07 
1.25 
aThe data below reflect annual f' · d (b f averages over a 1ve-year per10 e ore 
b 
the alfalfa is re-seeded). 
For irrigated and dryland corn. the seeding rates are 29 and 15 MVK/acre. 
respectively. For irrigated and dryland alfalfa. the seeding rates are 
12 and 6 lb/acre. respectively; for dryland alfalfa. two seedings are 
assumed (to cover the risk of poor germination associated with possible 
inadequate moisture at the time of seeding). 
cFor irrigated and dryland corn. the N-P-K application rates are 140-55-0 
and 38-21-0/acre. respectively. For irrigated and dryland alfalfa. the 
N-P-K application rates are 0-55-0 and 0-20-0/acre. respectively. 
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Table 7. Yields and variable costs of production 
for dryland oats and sunflowers. 
Cherry-Todd REC service area. 
a 
above-average management. 198S. 
Enterprise budget 
line item 
Yield (per acre) 
VariablE costs ($ per acre) 
Seed 
Fertilizerc 
Herbicides 
Insecticides 
Crop insurance 
Storage 
Overhead 
Fuel and lubrication 
Machine repairs 
Interest 
Total 
Oats 
40 bu 
6.00 
11.00 
2.00 
n/a 
1.SO 
6.00 
s.oo 
s.so 
6 .so 
2.00 
4S .so 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Total 
o.so 
0.99 
0.18 
1.67 
Sunflowers 
1.000 lb 
6.SO 
12.00 
14.00 
7.SO 
3.00 
s.oo 
s.oo 
6.SO 
9.00 
3.SO 
72.00 
0.47 
n/a 
1.03 
1.SO 
aThe yield for rangeland is O.S AUM/acre. 
bThe seeding rates for oats and sunflowers are 1.6 
bu and 2.9 lb/acre. respectively. 
cThe N-P-K application rates for oats and 
sunflowers are 30-20-0 and 40-lS-0/acre. 
respectively. 
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Table 6. Yields and non-irrigation variable costs of production for 
irrigated and dryland corn and alfalfa. Cherry-Todd REC service 
area. above-average management. 1985. 
Enterprise budget 
line item 
Returns (per acre) 
Yield 
Post-harvest grazing ($) 
Variablt costs ($ per acre) 
Seed 
Fertilizerc 
Herbicides 
Insecticides 
Crop insurance 
Storage 
Drying 
Overhead 
Fuel and lubrication 
Machine repairs 
Custom combining 
and hauling 
Interest 
Total 
Corn for grain 
Irrigated Dryland 
140 bu 
10.00 
22.50 
48.50 
12.50 
12.00 
17.50 
25.00 
22.50 
5 .50 
9.50 
11.00 
20.00 
10.50 
217.00 
40 bu 
3.00 
11.50 
13.00 
6 .so 
n/a 
s.oo 
7.00 
6.50 
5.50 
7.50 
10.00 
n/a 
3.50 
76.00 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
o. 70 
n/a 
1.69 
0.30 
2.69 
0.62 
n/a 
1.44 
n/a 
2.06 
Alfalfa 
Irrigated 
5.5 ton 
n/a 
7.00 
12.50 
n/a 
n/a 
n/a 
20.50 
n/a 
5.00 
14.50 
12.00 
n/a 
2.50 
74.00 
1.12 
0.98 
0.98 
0.07 
3.15 
Dry land 
1.25 ton 
10.00 
5.00 
4.50 
n/a 
n/a 
n/a 
4.50 
n/a 
5.00 
5.50 
5.00 
n/a 
1.00 
30.50 
0.61 
0.47 
n/a 
0.07 
1.15 
aThe data below reflect annual averages over a five year period (before 
the alfalfa is re-seeded). 
b For irrigated and dryland corn. the seeding rates are 29 and 15 MVK/acre. 
respectively. For irrigated and dryland alfalfa. the seeding rates are 
12 and 6 lb/acre. respectively; for dryland alfalfa. two seedings are 
assumed (to cover the risk of poor germination associated with possible 
inadequate moisture at the time of seeding). 
cFor irrigated and dryland corn. the N-P-K application rates are 175-40-20 
and 38-21-0/acre. respectively. For irrigated and dryland alfalfa. 
application rates are 0-55-0 and 0-20-0/acre. respectively. 
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Table S. Yields and variable costs of production for dryland 
oats, spring wheat, and alfalfa; Union REC service area; 
above-average management; 198S. 
Enterprise budget 
line item 
Yield (per acre) 
Oats 
60 bu 
Variablg costs ($ per acre) 
Seed 
·1 · c Fert1 1zer 
Herbicides 
Crop insurance 
Storage 
Overhead 
9.SO 
Fuel and lubrication 
19.00 
3.00 
2.00 
9.00 
s.oo 
6.SO 
9.00 
n/a 
n/a 
3.00 
Machine repairs 
Custom baling 
Custom handling 
Interest 
Total 
Labor requirements 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
- Total 
66.00 
(hours per acre) 
0.68 
0.99 
0.2S 
n/a 
1.92 
Spring Wheat 
32 bu 
a.so 
16.00 
2.SO 
3.00 
7.00 
s.oo 
6.SO 
9.00 
n/a 
n/a 
3.00 
60.SO 
o. 70 
0.99 
0.2S 
n/a 
1.94 
Alfalfa8 
4.0 ton 
7 .so 
12.SO 
n/a 
n/a 
lS.00 
s.oo 
2.SO 
8.00 
32.00d 
19.SO 
s.oo 
107.00 
0.6S 
1.02 
n/a 
0.07 
1. 74 
aThe data below reflect annual averages over a five-year period 
(before the alfalfa is re-seeded). 
bThe seeding rates for oats, spring wheat, and alfalfa are 2.S bu, 
7S lb, and 13 lb/acre, respectively. 
cThe N-P-K application rates for oats, spring wheat, and alfalfa 
are S9-28-0, S0-24-0, and O-SS-0/acre, respectively. 
dRelatively little alfalfa is fed in Union County. It is assumed 
that the hay is trucked to buyers, on the average. a distance of 
100 miles and that the producer bears about one-half the cost of 
- the trucking. A custom hauling rate of $8.SO/ton is assumed to 
cover this trucking service. 
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Table 4. Yields and non-irrigation variable costs of production for irrigated 
and dryland corn and soybeans. Union REC service area. above-average 
management. 198S. 
Enterprise budget 
line item 
Yield (per acre) 
Variable costs ($ per acre) 
e: Seed b 
Fertilizer 
Hand weeding 
Herbicides 
Insecticides 
Crop insurance 
Storage 
Drying 
Overhead 
Fuel and lubrication 
Machine repairs 
Interest 
Total 
Corn for grain 
Irrigated Dryland 
14S bu 
19.00 
so.so 
n/a 
10.00 
7.00 
9.SO 
26.00 
23.00 
s.so 
14.SO 
18.SO 
9.00 
192.SO 
90 bu 
16.00 
27 .oo 
n/a 
10.00 
7.00 
6.00 
16.00 
14.SO 
s.so 
9.00 
11.SO 
6.00 
128.SO 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
0.87 
0 
1.78 
0.3S 
3.00 
0.77 
n/a 
1.S2 
n/a 
2.29 
Soybeans 
Irrigated Dryland 
4S bu 
12.00 
n/a 
4.00 
17.SO 
n/a 
12.00 
12.SO 
1.SO 
s.so 
10.SO 
14.SO 
4.SO 
94.SO 
1.02 
n/a 
1.40 
n/a 
2.42 
34 bu 
12.00 
n/a 
4.00 
17.SO 
n/a 
9.00 
9 .so 
1.00 
s.so 
8.00 
11.00 
4.00 
81.SO 
0.80 
n/a 
1.19 
n/a 
1.99 
aFor irrigated and dryland corn. the seeding rates are 26.S and 20.S MVK/acre. 
respectively. For irrigated and dryland soybeans. the seeding rate is 1.25 
bu/acre. 
bF . . d d d 1 d h N P K 1. . 180 S6 0 d or 1rr1gate an ry an corn. t e - - app 1cat1on rates are - - an 
~0-36-0/acre. respectively. 
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Table 3. Yields and variable costs of production 
for dryland oats and spring wheat. 
Clay-Union REC service area. 
a 
above-average management. 1985. 
Enterprise budget 
line item 
Yield (per acre) 
Variablebcosts ($ per acre) 
Seed 
Fertilizerc 
Herbicides 
Crop insurance 
Storage 
Overhead 
Fuel and lubrication 
Machine repairs 
Interest 
Total 
Oats 
60 bu 
9.50 
20.50 
3.00 
2.00 
9.00 
5.00 
6 .so 
9.00 
3.00 
67.50 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Total 
0.68 
0.99 
0.25 
1.92 
Spring Wheat 
32 bu 
8.50 
18.00 
2.50 
3.00 
7.00 
5.00 
6.50 
9.00 
3.00 
62.50 
o. 70 
0.99 
0.25 
1.94 
aThe yield for pasture land is 2 AUM/acre. 
bThe seeding rates for oats and spring wheat are 
2.5 bu and 75 lb/acre. respectively. 
cThe N-P-K application rates for oats and spring 
wheat are 64-30-0 and 57-26-0/acre. respectively. 
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Table 2. Yields and non-irrigation variabte costs of production for irrigated and dryland 
corn. soybeans. and alfalfa; Clay-Union REC service area; above-average 
management; 1985. 
Corn for grain Enterprise budget 
line item Irrigated Dryland 
Yield (per acre) 
Variablebcosts ($ per acre) 
Seed 
Fertilizerc 
Hand weeding 
Herbicides 
Insecticides 
Crop insurance 
Storage 
Drying 
Overhead 
Fuel and lubrication 
Machine repairs 
Custom baling 
Custom hauling 
Interest 
Total 
150 bu 
19.00 
55.00 
n/a 
10.00 
7.00 
9.50 
27 .oo 
24.00 
5.50 
15.00 
19.00 
n/a 
n/a 
9.50 
200.50 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
0.87 
0 
1.78 
0.35 
3.00 
90 bu 
16.00 
28.00 
n/a 
10.00 
7.00 
6.00 
16.00 
14.50 
5 .so 
9.00 
11.50 
n/a 
n/a 
6.00 
129.50 
0.77 
n/a 
1.52 
n/a 
2.29 
Soybeans 
Irrigated Dryland 
48 bu 
12.00 
n/a 
4.00 
17 .50 
n/a 
12.50 
13.50 
1.50 
5.50 
11.50 
15.50 
n/a 
n/a 
4.50 
98.00 
1.02 
0 
1.40 
n/a 
2.42 
34 bu 
12.00 
n/a 
4.00 
17.50 
n/a 
9.00 
9.50 
1.00 
5.50 
8.00 
11.00 
n/a 
n/a 
4.00 
81.50 
0.80 
n/a 
1.19 
n/a 
1.99 
Alfalfa 
Irrigated 
5 .5 ton 
7 .50 
23.00 
n/a 
n/a 
n/a 
n/a 
20.50 
n/a 
5.00 
3.50 
11.00 
44.00d 
26 .50 
7.00 
148.00 
0.65 
1.02 
0.51 
0.07 
2.25 
Dry land 
4.0 ton 
7.50 
12.50 
n/a 
n/a 
n/a 
n/a 
15.00 
n/a 
5.00 
2.50 
8.00 
32.00d 
19.50 
5.00 
107 .oo 
0.65 
1.02 
n/a 
0.07 
1. 74 
aThe data below reflect annual averages over a five-year period (before the alfalfa is 
re-seeded). 
bFor irrigated and dryland corn. the seeding rates are 26.5 and 20.5 MVK/acre. respectively. 
For irrigated and dryland soybeans. the seeding rate is 1.25 bu/acre. For irrigated and 
dryland alfalfa. the seeding rate is 13 lb/acre. 
cFor irrigated and dryland corn. the N-P-K application rates are 190-65-0 and 90-40-0/acre. 
respectively. For irrigated and dryland alfalfa. the N-P-K application rates are 0-100-0 
and 0-55-0/acre. respectively. 
dRelatively little alfalfa is fed in Clay County. It is assumed that the hay is trucked to 
buyers. on the average. a distance of 100 miles and that the producer bears about one-half 
the cost of the trucking. A custom hauling rate of $8.50/ton is assumed to cover this 
trucking service. 
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Table 1. Farm gate prices, most common crops, selected REC service areas, 1985 
and 1980. 
1980 price Ratio of 1980 
Unit 1985 price (in 1985 a 1985 prices Crop dollars) to 
Corn bu $ 2.36 $ 2.93 1.24 
Alfalfa ton 45.00 48.00 1.07 
Soybeans bu 5.14 7.07 1.38 
Oats bu 1.27 1.68 1.32 
Spring wheat bu 3.50 4.04 1.15 
Barley bu 1.82 2.85 1.57 
Sunflowers lb 0.08 0.12 1.50 
Sources: u.s.D.A. (1981 and 1985) and S.D.A.s.s. (1986). 
aThe 1980 prices were deflated to 1985 dollars via the Index of Crop Prices 
Received (U.S.G.P.O., 1986, 363). 
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Table 26. Assumed annualized costs associated with already-present land. farm machinery and equipment. 
livestock-related resources and year-round hired labo~ representative farms. selected REC service 
areas. 1985. 
Cost item Clay-Union REC Union REC Cherry-Todd REC Cam-Wal REC 
Landa 
Cropland $45.500(700) $45.500(700) $ 7.200(480) $15.000(750) 
6.000(750) 
19.650(43.670)c 
Pasture. r~ngelgnd 2.000(100) 0 16.000(4.000) 
Two center pivots 
Other.farm ~achinery and 
equipment 
Livestock breeding herd. 
buildings. and equipfente 
Year-round hired labor 
Total 
10.890 
23 .940 
6.940 
0 
$89. 270 
10.890 
23. 940 
0 
0 
$80.330 
14.508 
14.290 
26. 900 
12.600 
$91.498 
18.115 
13.450 
6.300 
$78.515(102.535)c 
aThe numbers in brackets reflect the respective acreages of land on the representative farms. The 
annualized cost of owning land is assumed to be reflected by its rental rate; data on the rental rates are 
from a recent land rental survey conducted in the SDSU Economics Department by Larry Janssen. 
bThese are the annualized "economic" costs of owning two electric power. high pressure center pivots (data 
from Tables 15-18). The value of irrigated land is assumed to be represented by the sum of these 
annualized center pivot costs and the dryland crop values reported above. 
cThe non-bracketed figure pertains to low-lands irrigation; the bracketed figure pertains to bluffs 
irrigation. 
dAdapted from Aanderud0 et al. (1984). 
eAdapted from an updated unpublished version of Allen and Aanderud (1984). 
enterprises are as follows: 40 brood sows. Clay-Union REC; 250 cows. with 
five months. Cherry-Todd REC; and 125 cows. with non-replacements wintered 
The assumed sizes of livestock 
non-replacements wintered for 
for five months. Cam-Wal REC. 
fOne full-time and one one-half time year-round laborer were assumed for the Cherry-Todd and Cam-Wal REC 
representative farms. respectively. Locally-reported wage rates and perquisites are reflected in the 
indicated data. 
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Table 25. Assumed land and labor availabilities, representative farms. selected REC 
service areas. 
Resource availability Clay-Union REC Union REC 
Owned land (acres) 
Irrigated cropland 
Dryland cropland 
Pasture. rangeland 
Maximum additional land 
260 
440 
100 
a that can be rented (acres) 
Irrigated cropland 130 ($100) 
Dryland cropland 160 ($65) 
Assumed year-round lgbor 
availability (hours) 
Jan-Feb 
Mar-Apr 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
Assumed maximum hired 
casual labor (hours) 
Jan-Feb 
Mar-Apr 
May-Jun 
Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
402 
394 
566 
562 
562 
376 
2,862 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
6,000 
260 
440 
0 
130 ($100) 
160 ($65) 
402 
394 
566 
562 
562 
376 
2.862 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
6,000 
Cherry-Todd REC Cam-Wal REC 
260 
220 
4,000 
0 
0 
810 
810 
1.086 
1,092 
1,092 
792 
5,682 
0 
500 
500 
500 
500 
0 
2.000 
260 
490 
750 
0 
300 ($20) 
606 
602 
826 
827 
827 
584 
4.272 
0 
500 
500 
500 
500 
0 
2.000 
aThe data shown in parentheses are the assumed per-acre rental rates. 
bin calculating these labor availabilities, farm overhead labor was initially subtracted 
from available operator labor in the following amounts (hours): Jan-Feb, 108; Mar-Apr. 
126; May-June. 162; Jul-Aug. 180; Sep-Oct, 180; and Nov-Dec. 144 (Kiendl. 1984. 17). 
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Table 24. Wintering calf unit, 5 months, October to March, 1.5% 
death loss, gain 300 pounds, Cam-Wal REC service area, 
1985. 
Gross returns 
Feeder steer 
Feeder heifer 
7.75 cwt x $65.00/cwt 
7.25 cwt x $60.00/cwt 
Variable costs 
Minerals and salt 
Veterinary and drugs 
Supplies 
0.30 cwt. x $12.00 
Marketing and hauling 
Equipment and building repairs 
Power and fuel costs 
Interest on variable costs (3 months x 14%/yr) 
Total 
Farm raised in2uts Labor requirements 
Feeder calf Jan-Feb 
Steer 4.75 cwt Nov-Dec 
Heifer 4.25 cwt Jan-Feb 
Corn 9.0 bu Mar-Apr 
Oats 12.0 bu Total 
Alfalfa hay 0.35 ton 
Corn silage 0.80 ton 
$503.75 
435 .oo 
$ 3.60 
3.00 
4.00 
10.00 
1.10 
3.10 
0.85 
$25.65 
(hours) 
0.35 
1.40 
1.40 
0.35 
3.50 
Source: Adapted from Rieckman, et al. (1986, Tables II and 
B7), Allen and Aanderud (1984, 29), and Aanderud, 
et al. (1984, 5, 6). 
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Table 23. Wintering calf" unit, 5 months, October to March, 1.5% 
death loss, gain 300 pounds, Cherry-Todd REC service area, 
1985. 
Gross returns 
Feeder steer 
Feeder heifer 
7.75 cwt x $65.00/cwt 
7.25 cwt x $60.00/cwt 
Variable costs 
Minerals and salt 
Veterinary and drugs 
Supplies 
0.30 cwt x $12.00 
Marketing and hauling 
Equipment and building repairs 
Power and fuel costs 
Interest on variable costs (3 months x 14%/yr) 
Total 
Farm raised inEuts Labor requirements 
Feeder Calf Sep-Oct 
Steer 4.75 cwt Nov-Dec 
Heifer 4.25 cwt Jan-Feb 
Corn 9.0 bu Mar-Apr 
Oats 12.0 bu Total 
Alfalfa hay 0.6 ton 
$503.75 
435 .00 
$ 3.60 
3.00 
4.00 
10.00 
1.10 
3.10 
0.85 
---$25.65 
(hours) 
0.35 
1.40 
1.40 
0.35 
3.50 
Source: Adapted from Rieckman, et al. (1986, Tables II and 
B7), Allen and Aanderud (1984, 29), and Aanderud, et al. 
(1984, 5 ,6) • 
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Table 22. Beef cow unit. feeder calf weaned and transferred in 
October replacements calve as 2 year olds. 88% weaned calf 
crop. 16% replacements raised. 1% death loss of replace-
ment heifers. one bull per 25 cows. Cherry-Todd and 
Cam-Wal REC service areas. 1985. 
Gross returns 
For transfer to calf wintering activity 
Steer calf 4.75 cwt x 0.44 
Heifer calf 4.25 cwt x 0.26 
Sale of cull animals 
Cull heifer 6.00 cwt x 0.02 x $60.00/cwt 
Cull cow 10.00 cwt x 0.15 x $35.00/cwt 
Total returns from sale of cull animals 
Variable costs 
Minerals and salt 
Veterinary and drugs 
Supplies 
0.60 cwt x $12.00/cwt 
Marketing and hauling 
Equipment and building repairs 
Power and fuel costs 
Interest on variable cost (5 months x 14%/yr) 
Total 
Raised feed Labor requirements (hours) 
Corn 2.0 bu Jan-Feb 1.28 
Oats 4.0 bu Mar-Apr 2.37 
Alfalfa hay 1. 7 ton May-Jun 0.95 
Pasture 8.0 AUM Jul-Aug 0.24 
Sep-Oct 0 .52 
Nov-Dec 1.28 
Total 6.64 
$ 7.20 
52.50 
$59. 70 
$ 7.20 
10.00 
6.00 
6.00 
1.60 
5.20 
3.05 
$39.05 
Source: Adapted from Rieckman. et al. (1986. Tables II and Bl). 
Allen and Aanderud (1984. 10). and Aanderud. et al. 
(1984. 5.6). --
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Table 21. Sow and two litter unit, raising and finishing butcher 
hogs, 15 pigs sold per sow per year, March and September 
farrowing, one saved for replacement from March litter, 
market 225 pound butcher hogs, Clay-Union REC service 
area, 1985. 
Gross income 
Slaughter hogs 
Aged sow 
15 hogs x 2.25 cwt x $48.23/cwt 
1 sow x 4.41 cwt x $41.60/cwt 
Total 
Variable costs 
Pig creep ration 5.8 cwt x $18.00/cwt 
Hog supplement 16.5 cwt x 16.00/cwt 
Minerals and salt 1. 7 cwt x 12.00/cwt 
Veterinary and drugs 
Marketing and hauling 
Machine and equipment repair 
Supplies 
Interest on variable costs (3 months at 14%) 
Total 
Raised feed Labor reguirements 
Corn 184 bu Jan-Feb 
Oats 30 bu Mar-Apr 
Alfalfa 0.4 ton May-Jun 
Pasture 2.0 ADM Jul-Aug 
Sep-Oct 
Nov-Dec 
Total 
$1, 627. 76 
183 .46 
$1,811.22 
$ 104.40 
264.00 
20.40 
120.00 
42.00 
15.15 
11.90 
20.20 
$ 598.05 
(hours) 
4.00 
7.00 
4.00 
2.00 
7.00 
4.00 
28.00 
Source: Adapted from Allen and Aanderud (1984, 83-84) . 
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Table 20. Electric rate charges. selected REC service areas. 1985. 
a Energy 
Annual Monthly First block Second Block 
minimum demand charge charge 
($ per irrigation ($ per irrigation ($ per irrigation ($ per irrigation 
REC and tyj)~ of_ system ________ SY.S!EIDL_ _ system) system) system) 
Clay-Union REC 
High pressure center pivot 
Low pressure center pivot 
Union REC 
High pressure center pivot 
Low pressure center pivot 
Gated pipe 
Cherry-Todd REC 
High pressure center pivot 
1.177 
635 
1.213 
647 
323 
1.124 
595 205 n/a 
321 110 n/a 
603 208 n/a 
321 110 n/a 
161 56 n/a 
n/a n/a n/a 
Unbounded 
block charge 
( per 
kWh used) 
1.58 
1.58 
1.58 
1.58 
1.58 
~ Low pressure center pivot 674 n/a n/a n/a 
3.47 
3.47 
CX> 
Cam-Wal REC: high pressure 
center pivot 
Low-land area 
Bluffs area 
231b 
774b 
822 
2. 754 
570 
1,958 699 2.343 
2.31 
2 .31 
aThe energy charges shown below include the 1985 Basin credit for irrigation. plus an assumed 5% interest money time cost. 
bThese are the "monthly" minimum (rather than "annual" minimum) charges that must be paid in any of the five billing 
periods when an irrigation system is not used. 
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Table 19. Investment requireaenta and annualized ownership coats, converting high pressure electric center pivots to reduced pressure• and diesel power 
sources, selected REC service areas, 1985. 
Clay-Upion and Union REC'• Cherry-Todd REC 
Convert high Convert high Convert high Convert high Convert high Convert high The "bluffs" area for 
pressure (75 psi) pressure pressure (75 psi) pressure (65 psi) pressure pressure (65 psi) the c .. -Wal REC: 
electric to low electric electric to low electric to lov electric electric to lov converting fro•· high 
pressure (30 psi) to pressure (30 psi) pressure (30 psi) to pr essure (30 psi) preaaurg electric to 
Eipenditure item electric diesel diesel electric __ diettla__ _ciiuel cliuel 
In~estment [~guirementa 
Renozzl ing $2,500 n/a $ 2,500 $2,500 n/a $ 2,500 n/a 
Changing bowl& 400 n/a 400 400 n/a 400 n/a 
Diesel power unit n/a $10,000 8,000 n/a $12,500 10,400 $52,000 
Gear head n/a 1,700 1,200 n/a 2,600 1,700 7,500 
Electric generator n/a 1, 750 1,750 n/a l,750 1,750 5,750 
Fuel linea, tanks n/a 500 500 ~ 500 500 _1,500 
Total $2,900 $13,9SO $14,350 $2,900 $17,350 $11 ,250 $66,750 
~ 6nou1lized own~[&hip coat• 
-.. Financial $ 1,739 $ 4,690 $ 4,825 $ 1, 739 $ 5,833 $ 5,800 $22,442 
Economic 403 1,940 1, 996 403 2,4ll 2,400 9,285 
aTheae data also reflect the coat& of converting from high pressure electric to diesel for the "low-land" area along the Missouri River in the c--wal REC 
service area. 
bThe data below are for the three pumps required for lifting and pressuriz i ng the sprinkler water distribution . 
Table 18. Investment requirements and annualized ownership costs. selected new high 
pressure center pivot irrigation systems. irrigation from the Missouri 
River on the bluffs. Cam-Wal REC. service area. 1985. 
Stage I (150 ft lift. 900 gpm. 
135 psi) 
Pipe (7.920 ft@ $6.00/ft installed) 
Pump 
Power unit 8 
Electric switches 
Gear head 
Electric generator 
Fuel lines. tanks 
Sub-total 
Stage II (150 ft lift. 900 gpm. 
110 psi) 
Pipe (7.920 ft@ $6.00/ft installed) 
Pump 
Power unita 
Electric switches 
Gear head 
Electric generator 
Fuel lines. tanks 
Sub-total 
Stage III (12 ft lift, 900 gpm. 
65 psi) 
Sprinkler system 
Pump 
Power unita 
Electric switches 
Gear head 
Electric generator 
Fuel lines, tanks 
Sub-total 
Grand Total 
Electric system 
$ 47 ,520 
7.510 
4.100(150) 
2.600 
n/a 
n/a 
n/a 
$ 61. 730 
$47 .520 
7 .260 
3 .500 ( 125) 
2.300 
n/a 
n/a 
n/a 
$ 60.580 
$ 28.000 
2.560 
2.600(60) 
1.500 
n/a 
n/a 
n/a 
$ 34.660 
$156.970b 
Diesel system 
$ 47 .520 
7.510 
20.800(200) 
n/a 
2.900 
2.000 
500 
$ 81,230 
$ 47.520 
7 .260 
2 0. 80 0 (17 5) 
n/a 
2,900 
2.000 
500 
$ 80. 980 
$ 28,000 
2,560 
10,400(100) 
n/a 
1, 700 
1. 750 
500 
$ 44, 910 
$207.120c 
aThe numbers in parentheses show the HP ratings of the respective power units. 
bThe annualized ownership costs associated with this investment are as follows: 
financial. $25~791; economic. $21,835. 
cThe annualized ownership costs associated with this investment are as follows: 
financial, $36,806; economic $28 0 810. 
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Table 17. Investment requirements and annualized ownership costs. selected new high 
pressure center pivot irrigation systems. irrigation from the Missouri River 
on the low-lands. Cam-Wal service area. 1985.a 
Investment requirements 
Pipe (5.280 ft 8 $6.00/ft installed) 
Sprinkler system 
Pump b 
Power unit 
Electric switches 
Gear head 
Electric generator 
Fuel lines. tanks 
Total 
Annualized ownership costs 
Financial 
Econcmic 
Electric system 
$31.680 
28.000 
5.750 
3.200(100) 
2.000 
n/a 
n/a 
n/a 
$70.630 
$12.460 
9.825 
Diesel system 
$31.680 
28.000 
5.750 
12.500(125) 
n/a 
2.600 
1. 7 50 
500 
$82. 780 
$15.162 
11.515 
aThe lift of water from the Missouri River to the level of the center pivot arm is 150 
ft. The pump discharge is 900 gpm. The center pivot water distribution pressure is 65 
psi. 
bThe numbers in parentheses show the HP ratings of the respective power units. 
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Table 16. Investment requirements and, anriualized ownership costs, selected new center 
pivot irrigation systems, well irrigation, Cherry-Todd REC service area, 1985.a 
Irrigation system 
component 
Investment requirements 
Sprinkler system 
Well 
Pipe 
Pump 
Power unitb 
Electric switches 
Gearhead 
Electric generator 
Fuel lines, tanks 
Total 
Annualized ownership costs 
Financial 
Econanic 
Electric systems 
High Low 
pressure 
$28,000 
10.200 
3,000 
5, 7 50 
3,200(100) 
2.000 
n/a 
n/a 
n/a 
$52.150 
$10,979 
7,254 
pressure 
$28,000 
10,200 
3,000 
5,550 
2,600(60) 
1,500 
n/a 
n/a 
n/a 
$50,850 
$10. 7 05 
7,073 
Diesel systems 
High Low 
pressure 
$28,000 
10,200 
3,000 
5,750 
12,500(125) 
n/a 
2,600 
1,7 50 
500 
$64,300 
$13,537 
8,944 
pressure 
$28,000 
10,200 
3,000 
5,550 
10,400 (100) 
n/a 
1, 700 
1. 7 50 
500 
$61,100 
$12.863 
8,499 
aThe lift of water from 
discharge is 850 gpm. 
the well to the level of the center pivot is 130 ft. The pump 
The high and low-pressure systems involve 65 and 30 psi. 
respectively. 
bThe numbers in parentheses show the HP ratings of the respective power units. 
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Table 15. Investment requirements and annualized ownership costs. selected new irrigation systems. well 
irrigation. Clay-Union and Union REC service areas. 1985a. 
Electric center pivot systems Diesel center pivot systems 
Irrigation system High Low High Low 
component pressure pressure pressure pressure Gated pipec 
Investment reguirements 
Sprinkler system 
Well 
Pipe 
Pump b 
Power unit 
Electric switches 
Electric generator 
Gear head 
Fuel lines. tanks 
Land leveling 
Total 
Annualized ownership costs 
Financial 
Economic 
$28.000 
2.310 
1.000 
3.435 
2.400(75) 
2.000 
n/a 
n/a 
n/a 
n/a 
$39 .145 
$ 8.241 
5.445 
$28.000 
2.310 
1.000 
2.935 
2.000(40) 
1.680 
n/a 
n/a 
n/a 
n/a 
$37.925 
$ 7.984 
5.275 
$28.000 
2.310 
1.000 
3.435 
10.400(100) 
n/a 
1.750 
1.100 
500 
n/a 
$49 .095 
$10.252 
6.773 
$28.000 
2.310 
1.000 
2.935 
8.000(60) 
n/a 
1.750 
1.200 
500 
n/a 
$45 .695 
$ 9.620 
6.356 
n/a 
$ 2.310 
11. 200 
2.385 
1.000(20) 
440 
n/a 
n/a 
n/a 
23.640 
$40. 97 5 
$ 8.626 
5.700 
aThe lift of water from the well to ground level is 25 ft. The assumed elevation of the center pivot arm is 12 ft. 
The pump discharge is 900 gpm. The high and low pressure systems involve 75 and 30 psi. respectively. 
bThe numbers in parentheses show the HP ratings of the respective power units. 
cGated pipe systems are not an option in the Clay-Union REC service area. 
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Table 14. Yields and non-irrigation variable costs of production. full and partial irrigation. corn and 
soybeans. Union REC service area. above-average management. 198S. 
Corn for · grain Soybeans 
Enterprise budget Full Two-thirds One-third Full Two-thirds One-third 
line item irrigation irrigation irrigation irrigation irrigation irrigation 
Yield (per acre) 14S bu 130 bu 112 bu 4S bu 42 bu 38 bu 
Variable costs ($ Eer acre) 
Seed 19.00 18.00 17.00 12.00 12.00 12.00 
Fertilizer so.so 44.00 36.SO n/a n/a n/a 
Hand weeding n/a n/a n/a 4.00 4.00 4.00 
Herbici des 10.00 10.00 10.00 17.SO 17 .so 17.SO 
Insect i cides 7.00 7.00 7.00 n/a n/a n/a 
Crop insurance 9.SO 8.SO 7.SO 12.00 11.00 10.00 
Storage 26 .oo 23 .so 20.00 12.SO 12.00 10.SO 
Drying 23 .oo 21.00 18.00 1.SO 1.SO 1.00 
Overhead s .so s.so s.so s.so s.so s.so 
Fuel and lubrication 14.SO 13.00 11.00 10.SO 10.00 9.00 
Machine repairs 18.SO 16.SO 14.SO 14.SO 13.SO 12.SO 
Interest 9.00 8.SO 7.SO 4.SO 4.SO ~ 
Total 192.SO 17 s .so 1S4.SO 94.SO 91.SO 86.00 
.. 
~ 
Table 13. Yields and non-irrigation variable costs of production; full and partial irrigation; corn, soybeans, and alfalfa; Clay-Union REC 
service area; above-average management; 1985. 
Corn for grain Sol'. beans 
-
Alfalfa 
Enterprise budget Full Two-thirds One-third Full Two-thirds One-third Full Two-thirds One-thir 
Un~ itf:!!! irrigation irrigation irrigation irrigatiQn irrig1tion irrigation irrigation irri&1ti2n irri&1ti · 
~ield (per acre) 150 bu 135 bu 115 bu 48 bu 44 bu 40 bu 5.5 ton 5.0 ton 4 .5 to i 
Variable costs {~ 2er acre} 
Seed 19.00 18.00 17.00 12.00 12.00 12.00 7.50 7.50 7 .51 
Fertilizer 55.00 48.00 39.50 n/a n/a n/a 23.00 19.50 16.01 
Hand weeding n/a n/a n/a 4.00 4.00 4.00 n/a n/a n/a 
Herbicides 10.00 10.00 10.00 17.50 17.50 17.50 n/a n/a n/a 
Insecticides 7.00 7.00 7 .oo n/a n/a n/a n/a n/a n/a 
Crop insurance 9.50 9.00 7.50 12.50 11.50 10.50 n/a n/a n/a 
Storage 27.00 24.50 20.50 13.50 12.50 11.00 20.50 19.00 17.0l 
+" Drying 24.00 21.50 18.50 1.50 1.50 1.00 n/a n/a n/a 
1--' Overhead 5.50 5.50 5.50 5.50 5.50 5.50 5.00 5 .oo 5.01 
Fuel and lubrication 15.00 13.50 11.50 11.50 10.50 9.50 3.50 3.50 3 .01 
Machine repairs 19.00 17.00 14.50 15.50 14.00 13.00 11.00 10.00 9 .01 
Custom baling n/a n/a n/a n/a n/a n/a 44.00 40.00 36.01 
Custom hauling n/a n/a n/a n/a n/a n/a 26.50 24.00 21.5( 
Interest 9.50 8.50 7.50 4.50 4.50 - 4.00 7100 61~0 ~ 
Total 200.50 182.50 159.00 98.00 93.50 88.00 148.00 135 .oo .121.01 
Table 12. Assumed per-acre dryland yields, years of unusually heavy and light 
precipitation, most common dryland crops, selected REC service areas. 
Cl!!-Union Bl~ J.ln;i,2n u~ ~~z::a-I2sid Bl:~ Cam-Wal BEC 
Heavy Light Heavy Light Heavy Light Heavy Llght 
Dry land crop precip precip precip precip precip precip precip precip 
Corn 115 bu 40 bu 112 bu 40 bu 90 bu 18 bu 95 bu 20 bu ' 
Alfalfa 4.5 ton 2.7 ton n/a n/a 3.65 ton 0.5 ton 3. 7 ton 0.6 ton 
Soybeans 40 bu 20 bu 38 bu 20 bu n/a n/a n/a n/a 
Oats 70 bu 30 bu 70 bu 30 bu 60 bu 18 bu 70 bu 22 bu 
Spring wheat n/a n/a n/a n/a n/a n/a 35 bu 10 bu 
Barley n/a n/a n/a n/a n/a n/a 65 bu 20 bu 
Sunflowers n/a n/a n/a n/a 1,400 lb 450 lb n/a n/ a 
Sorghum sudan grass n/a n/a n/a n/a n/a n/a a.a AUM 1.6 AUM 
Corn silage n/a n/a n/a n/a n/a n/a 13.0 ton 2.5 ton 
Pasture/rangeland 2.3 AUM 1.3 AUM n/a n/a 1.4 AUM 0.2 AUM 2.2 AUM 0.4 AUM 
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Table 11. Irrigation water application rates. years of unusually heavy and 
light precipitation. most common irrigated crops. selected REC 
. a 
service areas. 
Assumed precipitation. 
REC. and crop 
Year of unusuglly heavy 
precipitation 
Clay-Union REC 
Corn 
Alfalfa 
Soybeans 
Union REC 
Corn 
Soybeans 
Cherry-Todd REC 
Corn 
Alfalfa 
Cam-Wal REC 
Corn 
Alfalfa 
Year of unusually light 
. . . c prec1p1tat1on 
Clay-Union REC 
Corn 
Alfalfa 
Soybeans 
Union REC 
Corn 
Soybeans 
Cherry-Todd REC 
Corn 
Alfalfa 
Cam-Wal REC 
Corn 
Alfalfa 
Gross irrigation water application rate (inches) 
May June July August September Total 
n/a n/a 3.8 4.4 n/a 8.2 
1.0 2.5 4.6 4.2 2.0 14.3 
n/a n/a 3.9 4.1 n/a 8.0 
n/a n/a 1.8 3.3 n/a 5.1 
n/a n/a 2.0 2.9 n/a 4.9 
n/a n/a 4.1 5.2 0.6 9.9 
1. 7 3.0 6.0 4.8 2.5 18.0 
n/a n/a n/a 5.0 0.1 5.1 
n/a 1.3 3.7 5.2 3.4 13.6 
n/a 0.7 6.8 6.3 0.4 14.2 
3.2 4.5 6.6 6.0 3.2 23.5 
n/a n/a 7.3 6.0 0.7 14.0 
n/a n/a 5.5 5.5 n/a 11. 0 
n/a n/a 5.3 5.3 n/a 10.6 
n/a 0.5 6.7 6.7 1.1 15.0 
3.9 5.3 7.6 6.3 3.6 26.7 
n/a n/a 1.4 7.0 0.7 9.1 
n/a 4.1 5.3 6.5 4.9 20.8 
aThe irrigation water application rates shown in the table pertain to center 
pivot sprinkler distribution. The respective rates for corn and soybeans 
irrigated via gated pipe systems in the Union REC service area with unusually 
heavy precipitation are as follows: July. 3.3 and 3.6 inches and August. 5.9 
and 5.2 inches; with unusually light precipitation the analagous irrigation 
rates are as follows: July, 9.9 and 9.5 inches and August. 9.9 and 9.9 
:inches. 
b . 
The assumed seasonal levels of unusually heavy precipitation and the 
percentages by which these levels exceed the average seasonal precipitation 
for the respective RECs are as follows: Clay-Union and Union. 20.0 inches. 
40%; Cherry-Todd. 20.3 inches. 60%; and Cam-Wal. 17.4 inches. 55%. 
cThe assumed seasonal levels of unusually light precipitation and the 
percentages by which these levels are less than the average seasonal 
precipitation for the respective RECs are as follows: Clay-Union and Union. 
8.6 inches. 40%; Cherry-Todd. 8.3 inches. 35%; and Cam-Wal. 6.7 inches. 40%. 
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table 10. Irrigation water application rate• and irrigation ayatem repair and aaintenance coats, aoat coaaon irrigated crops, 
selected REC service areas, above-average manageaent, 1985. 
Chy-Upiop REC Upion REC Chern-Todd llEC Ca-Wal REC 
Irrigation line itCl!l Corn Soybean• Alfalfa Corn Soybeans Corn Alfalfa Corp Alfalfac 
cr211 irri&1tion wa,~r 
. . (. h )a 1eel1c1t1on rite• _inc ~·. 
May n/a n/a 2.1 n/a n/a n/a 3.1 n/a n/a 
June n/a n/a 3.5 n/a n/a n/a 4.4 0.4 2.9 
July 5.5 5.5 5.6 3.6 3.5 5.7 6.8 6.5 4.6 
August 5.5 5.1 5.1 4.4 4.2 6.0 5.7 0.4 6.0 
September n/a 0.2 2.6 n/a n/a 0.9 3.1 ~ 4.3 
Total IT.0 To.8 18.9 T.O TT 12.6 23.1 7.3 17 .8 
Jr[i&1,ioo •J•ts:m reDair 
apd waintenance coat• b 
~§ I!!! ir[igation •!•teal 
High preaaure, electric, center pivot 940 924 1,587 695 670 1,153 2,072 1,164 2,560 
Low preaaure, electric~ center pivot 904 888 1,539 663 639 1,124 2,030 n/a n/a 
High preaaure, diesel, center pivot 1,375 1,355 2,162 1,076 1,046 1,746 2,923 2,904 5,212 
Low preaaure, dieael, center pivot 1,145 1,127 1,851 877 850 1,558 2,641 n/a n/a 
Gated pipe n/a n/a n/a 525 513 n/a n/a n/a n/a 
•rhe irrigation rate• shown pertain to calendar aontha, except for the Caa-Val IBC. For Caa-Val, the periods extend froa the 16th 
day of one .antb to the 15th day of the following aonth, vith the irrigation rate• being ahovn for the second of the respective 
aontha involved. 
The irrigation water application rate• abovn in the table pertain to center pivot sprinkler distribution. The reapective rate• 
for corn and aoybeana irrigated via gated pipe ayateaa in the Union REC service area are aa follows: July, 6.5 and 6.3 inches and 
August, 7.8 and 7.6 inches. 
bThe irrigation ayatea repair and aaintenance coat• ahovn for the C..-Wal IBC pertain to the Hiaaouri liver "bluff a" area (a lift of 
300 ft). Corresponding coata for electric and diesel powered ayet .. a in the "low-land" area (a lift of 150 ft) are $664 and $1,070, 
respectively, for corn and $1,538 and $2,210, reapectively, for alfalfa. 
cTbe irrigated alfalfa budget vaa not included in the final Caa-Val REC representative fara model runa. 
Table 9. Yield• and variable costs of production for dryland oats, barley, corn silage, 
spring wheat, and sorghum sudan pasture; Cam-Wal REC service area; 
above-average management, 1985.a 
Enterprise budget 
line item 
Yield (per acre) 
Variable costs ($ per acre) 
c Seed d 
Fertilizer 
Herbicides 
Crop insurance 
Storage 
Overhead 
Fuel and lubrication 
Machine repairs 
Intere•t 
Total 
Oats 
50 bu 
7 .50 
ll.00 
2.00 
l.50 
7 . 50 
5.00 
6.50 
7 .50 
2.50 
51.00 
Labor requirements (hours per acre) 
May-Jun 
Jul-Aug 
Sep-Oct 
Total 
0.52 
0.99 
0.18 
l.69 
Barley 
45 bu 
7.00 
11.00 
4.50 
2.50 
7.00 
5.00 
6.50 
7.50 
2.50 
53.50 
0.54 
0.99 
0.18 
1.71 
Corn silage 
6.0 ton 
11.50 
13.00 
6.50 
5.50 
2.00 
5.00 
8.00 
12.00 
3.00 
66.50 
0.58 
n/a 
1.62 
2.20 
Spring wheatb 
25 bu 
7.00 
18.50 
3.00 
3.00 
5 . 50 
5.00 
6.00 
7.00 
3.00 
58.00 
0.60 
0.99 
0.18 
1.77 
8 The yield for rangeland is 1.0 AI.JM/acre. 
b The data below reflect annual averages for an assumed one year-in-three fallow 
management practice. 
Sorghum 
sud an 
pasture 
4.0 AI.JM 
6.50 
21.50 
n/ a 
n/a 
n/ a 
5.00 
2.00 
3.00 
2.00 
40.00 
0.33 
n/a 
n/a 
0.33 
cThe seeding rates for oats, barley, corn silage, spring wheat, and sor ghum sudan 
pasture are 2.0 bu, 1.35 bu, 15 MVK, 2.0 bu, and 20 lb/acre, respectively. 
dThe N-P-K application rates for oats, barley, corn silage, spring wheat, and sorghum 
pasture are 30-20-0, 30-20-0, 38-21-0, 60-25-0, and 75-25-0/acre, respectively. 
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